Abstract Health literacy is emerging as a key element for successful medication management and empirical support for the efficacy of numeracy in the health context is rising as well. Little is known, however, about their unique effects among women and men. Given the importance of accurate medication management for effective treatment of HIV, the relation of these variables to medication management needs to be assessed. We therefore tested the relation of health literacy (reading comprehension) and numeracy to one's ability to manage a ''mock'' HIV regimen and whether men and women differed in these abilities. Results showed that women were less able than men to follow medication instructions and answer questions about the mock regimen. Numeracy mediated the relationship between gender and medication management. These findings highlight skills used in managing medication regimens and suggest avenues to target for identification and intervention in medication management among women and men with HIV.
Introduction
An important component of successful HIV treatment adherence is medication management capacity (MMC) (MacLaughlin et al. 2005) , which has been defined as the ''cognitive and functional ability to self-administer a medication regimen as it has been prescribed'' (Maddigan et al. 2003, pp. 333) . MMC includes functional skills such as correctly identifying medications and selecting the proper dose and timing (MacLaughlin et al. 2005) . With the advent of highly active antiretroviral medications to treat HIV/AIDS that require extremely high levels of adherence for maximal viral suppression, the capacity to manage medications effectively over time has critical implications for the health of those living with HIV.
Low health literacy, or an inability ''to obtain, process and understand basic health information…needed to make appropriate health decisions '' (DHHS 2000) , is emerging as an important risk for inadequate antiretroviral (ART) medication taking. In studies by Kalichman and colleagues , 18-25% of HIV positive participants were found to have inadequate health literacy and reported poorer adherence to ART regimens, poorer viral response to treatment and poorer immune functioning than those with adequate health literacy. Reasons for missed doses were related to confusion and depression in low health literate HIV positive individuals. These effects were found even after controlling for important potential confounders such as age, gender, ethnicity, income, HIV symptoms, substance abuse, social support, emotional distress and attitudes toward care provider (Kalichman et al. 1999) .
The above studies, however, associated low health literacy to adherence to ART, not whether or not the regimens were accurately understood. Recent research has linked poor understanding of medication instructions with low health literacy among adults and older adults in primary care clinics. These studies, using primarily interview formats for assessing medication understanding accuracy, have shown that poor reading skills (as measured by the Rapid Estimate of Adult Literacy in Medicine-REALM) are associated with problems correctly identifying medications (Kripalani et al. 2006) , misinterpretations of prescription drug labels (Wolf et al. 2007 ) and impaired ability to comprehend prescription drug warning labels (Davis et al. 2006) .
A relatively recent concept for understanding health behaviors, numeracy, describes the use of quantitative skill in the health context. Because it is a new field, dissemination of research findings in support of health numeracy are only just emerging. Health numeracy is defined as ''the degree to which individuals have the capacity to access, process, interpret, communicate, and act on numerical, quantitative, graphical, biostatistical, and probabilistic health information needed to make effective health decisions' ' (Golbeck et al. 2005, pp. 375) and has been proposed to consist of four categories: basic, computational, analytical, and statistical (Golbeck et al. 2005) . Health numeracy has primarily been overshadowed by health literacy, either as a subset of health literacy or completely ignored altogether (Golbeck et al. 2005 ) and many early studies have focused on risk relationships rather than outcomes. However, a few studies illustrate the effects of low health numeracy on health outcomes. Estrada et al. (2004) found in an anticoagulation control study, that 82.5% of study participants missed one-third or more of items on a numeracy measure and that those with low numeracy scores had poorer anticoagulation control health outcomes. Others have shown that, among diabetic patients, those with statistical numeracy challenges (despite having adequate knowledge of their disease) may be hampered in their attempts to make adequate health decisions regarding their diabetes treatment (Montori et al. 2004) . In HIV, Kalichman and colleagues (Kalichman et al. 1999 ) related health numeracy (understanding directions for taking medicines, monitoring blood glucose, and keeping clinic appointments) to medication adherence. However, no studies known to date have studied how numeracy skills may relate to understanding medication instructions.
Moreover, even less is known about how health literacy and health numeracy may impact health-related outcomes uniquely for men and women. Results from the 2003 National Assessment of Adult Literacy (NAAL) found that women performed slightly better than men on tasks involving reading/comprehending health-related information; however, men scored significantly higher than women on the measure of numeracy skill (National Institute for Literacy 2005). Despite the importance of accurate medication-taking in HIV and the preponderance of studies on risk factors for poor medication adherence among HIV positive patients, comparatively little is known about risks for poor MMC, particularly between men and women.
We, therefore, tested the relation of health literacy and numeracy to MMC among HIV positive men and women. We first tested for differences between men and women in MMC. Second, we assessed the relationship of health literacy and numeracy to MMC and third, we tested whether health literacy and/or numeracy mediated effects of gender on MMC in this group.
Methods

Participants
Participants for this study were recruited from HIV care clinics affiliated with the University of Miami, Jackson Memorial Hospital or Florida Department of Health pharmacies serving individuals enrolled in the AIDS Drug Assistance Program (ADAP) in Miami-Dade County, Florida. Participants were primarily referred by their HIV care providers or otherwise learned of the study from flyers posted in the clinics and pharmacies. Interested persons were either screened in person by the study recruiter in a private clinic room or were screened over the telephone by the study coordinator. Those eligible for the study were 18 years of age, currently receiving antiretroviral treatment (ART) or medically ''in-process'' for their first course of ART, had no history of head injury or loss of consciousness lasting more than 30 minutes and no presence of psychotic symptoms at the time of enrollment. Additionally, eligible individuals had not used heroin, cocaine or marijuana in the past 12 months. Both English and Spanish-speaking individuals were enrolled and the study was conducted in the preferred language of the individual. HIV diagnosis was verified via medical record abstraction.
Informed consent was obtained from each participant prior to initiation of study procedures. Due to the likelihood of limited literacy levels in a number of participants (our earlier research with a similar population identified average reading ability at the fifth grade level; WaldropValverde and Valverde 2005) , an informed consent posttest was given to ensure persons understood the procedures and risk/benefits of the study. All study procedures were completed in one session lasting no more than 2 h and participants were compensated US $50 upon completion.
Measures
Demographics
Participants answered basic demographic questions about age, education, race/ethnicity, and history of HIV infection.
Reading Comprehension for Health-Related Information
The Reading Comprehension subtest of the Test of Functional Health Literacy (TOFHLA) (Parker et al. 1995 ) was used to measure reading literacy. This test consists of 50 items that assess text comprehension using the modified cloze procedure. Every fifth to seventh word in a healthoriented text passage is omitted and the reader selects the appropriate word from a list of four possible choices. The passages were selected from instructions for an upper gastrointestinal series, the patient rights and responsibilities section of the Medicaid application form and a standard hospital informed consent form. Scores range from 0 to 50 and the percent correct was calculated. Although a short version of the test is available (36 items) the test developers recommend use of the full version in research studies.
Numeracy
The Applied Problems subtest of the Woodcock Johnson-III Tests of Achievement (Woodcock et al. 2001 ) was used to assess quantitative skills involving analyzing and solving math problems. To solve the problems, the person must listen to the problem (the test items are read aloud by the examiner), recognize the procedure to be followed, and then perform relatively simple calculations. Because many of the problems include extraneous information, the individual must decide not only the appropriate mathematical operations to use but also which numbers to include in the calculation. Applied problems are a measure of quantitative reasoning, math achievement and math knowledge. According to the test developers, low performance on this test may be a function of limited math skills, comprehension difficulties or poor mathematical reasoning abilities. This test was selected since it tapped abilities identified at ''face value'' to be similar to skills required for MMC, including those identified in ''document literacy'' that require calculation problems and inference of the correct mathematical operation when it is not provided (Ancker and Kaufman 2007) .
Any test item may be repeated and the person is given a pencil and paper on which to make calculations. Although the test contains a total of 63 items, all items may not be administered. This test has a ceiling criterion to determine discontinuation of the test. The ceiling is met when the subject responds incorrectly to the last six consecutively administered items or when the final item is administered. Scores on this test are converted to demographically corrected z-scores with a mean of 0 and a standard deviation of 1.
Understanding Antiretroviral Medication Instructions
Understanding of ART medication instructions was assessed using the medication management test (MMT) (Albert et al. 1999) . The test was developed in response to provider's seeming lack of awareness of the cognitive basis for patients' inability to adhere to HIV regimens and in order to identify ''…mistakes in dispensing prescriptions and [assess] how well patients can calculate when a new prescription is needed, determine if pills have been missed over the prior week, and identify which medicines need to be taken with food or might make one drowsy.'' (Albert et al. 1999, pp. 122) . The test consists of eight items with a total of 16 points. There are five ''mock'' HIV medications with labels (created for the test) based on typical ART medications and dosing schedules (e.g., zidovudine, lamivudine, and saquinavir) (Over-the-counter medications such as acetaminophen and vitamins were used in place of actual antiretroviral medications). An example of a medication label is ''Take one tablet two times a dayMedication B 150 mg tablet 30 tablets.'' Another is ''Take two tablets three times a day.'' The MMT also has a medication insert for Loperamide, an anti-diarrheal, which contains indications, contraindications, dosing instructions side effects, and warnings.
The test score is then based on answers to questions about the medication labels, the loperamide insert, the ability to correctly count out and place a week's supply of pills in a medication organizer and to determine missed doses and refills. Example questions include ''The next few questions are about Medication A. Assume that when you started taking Medication A, you had a seven day supply and that you've been taking the medication for three days now. In other words, you should have taken the medication as prescribed for the last three days. Now show me what you would do to determine if you've missed any pills so far'' & ''For medication B, how many days will a new prescription last?'' & ''Please answer the following questions based on this package insert information for a common diarrhea medication. If you were suddenly experiencing diarrhea and began taking this medication, what's the maximum number of capsules you should take over a two-day period?'' The total percent correct was used in analyses.
Data Analysis
Characteristics of study participants were compared by gender (male = 0, female = 1) and assessed using t-tests and chi-square where appropriate. Pearson and Spearman correlations were used to test the association of participant characteristics with performance on the MMT. Only those variables significantly related to each outcome variable (P \ 0.05) were included as covariates. Hierarchical multiple regression was used to test the relative contribution of gender, health literacy (TOFHLA) and quantitative literacy (Applied Problems) to scores on the MMT. Gender and covariates were entered into the first step, followed by health literacy, then third, by quantitative literacy. Mediation effects were then tested using path analytic techniques.
Results
A total of 155 participants, 90 men and 65 women, completed this study. Demographic characteristics by gender are presented in Table 1 . No statistically significant differences were noted between men and women in age, education, or current employment. Men and women performed similarly on the TOFHLA reading comprehension measure (men = 78% correct; women = 73% correct; t(154) = 1.30, P [ .05). However, women were more likely than men to be black (V 2 = 5.72, P \ .05) (versus non-black), have a regular place to stay (V 2 = 7.17, P \ .01), to have been diagnosed with HIV for significantly longer than men (t(142) = -2.24, P \ .05), to have lower scores on the numeracy measure (Applied Problems test; t(147) = 5.50, P \ 0.001), and significantly lower scores on the outcome measure of understanding medication instructions assessed by the MMT (t(153) = 2.91, P \ .01). Women correctly answered an average of only 50% of questions on the Applied Problems test while men correctly answered 63%.
Results of Spearman and Pearson correlations of demographic characteristics and MMT scores showed that education and time since HIV diagnosis were significantly associated with MMT scores at an alpha \.05 and were therefore included in the regression analysis.
The hierarchical multiple regression analysis testing the association of gender, health literacy, and numeracy with the MMT scores is presented in Table 2 . The first step of the model that included years of education, time since HIV diagnosis and gender explained 14% of the variance in MMT performance (R 2 = 0.144, P \ 0.001). Both gender and education were significantly related to the MMT in the first step. After inclusion of reading comprehension (TOFHLA) in step two, education and gender were no longer significant.
In the second step, only reading comprehension scores were significantly related to MMT. The addition of reading comprehension to the model accounted for an additional 21% of the variance (R 2 D = 0.211, P \ 0.001). In the third and final step, both reading comprehension and numeracy as well as time since HIV diagnosis were significantly associated with medication inference and accounted for an additional 12% of variance in the model (R 2 D = 0.125, P \ 0.000). The final model with all variables explained 48% of the variance in MMT scores.
Since our findings showed that women scored lower on the MMT and on our measure of numeracy, we further tested whether numeracy skills mediated differences between men and women in performance on the MMT using path analytic techniques. Mediation analysis tests whether the effects of one variable on another (e.g., the effects of variable A on variable C) go through a third (2009) 13:46-52 49 variable, the mediator (e.g., the effects of variable A on variable C, go through or are mediated by the effects of variable B). In perfect mediation, the relationship between variables A and C should be negated when variable B is entered into the model (Baron and Kenny 1986) .
In the path analysis, we first evaluated the relation of gender to MMT performance while controlling for time since HIV diagnosis. Consistent with results of the hierarchical multiple regression analysis, gender was a significant predictor of MMT performance. When numeracy was added to the model and paths were constructed between gender and numeracy and numeracy and MMT performance, however, this situation changed. Gender was significantly related to numeracy, and numeracy in turn was a significant predictor of MMT scores. The direct relation between gender and MMT score, however, was no longer significant. It thus appears that the relation between gender and MMT performance is largely due to gender differences in numeracy. Figure 1 provides a graphical depiction of the final path model.
Discussion
The purpose of this study was to test whether HIV positive men and women differed in their MMC. We also tested the independent effects of reading comprehension and numeracy on MMC and potential mediation effects.
Our findings showed that men and women had similar skill in reading comprehension and that reading comprehension skills were important for medication management. However, women had significantly lower numeracy scores than men. Numeracy was strongly related to MMC and was shown to mediate the relationship between women's lower scores on the MMT. That is to say, our findings indicate that women had more difficulty with our measure of MMC because of their poorer numeracy skills. On average, women were able to answer correctly only a little over 50% of the mathematical reasoning test items, whereas men answered 63% correctly; therefore, neither group was highly skilled in this area. However, our results suggest that women were more adversely affected by their low numeracy skills as indicated by their MMC. Controversy has long existed as to the evidence for a male advantage in math performance. A meta-analysis (Hyde et al. 1990) showed that across studies with a wide range of ages and abilities, no gender differences in math abilities were noted. The study also pointed out that during the elementary school years girls even had a slight mathematical advantage over boys in computational skills. However, as math competencies shift in high school, boys show a slight advantage over girls, particularly in geometry and problem solving skills (Hyde et al. 1990) . In an attempt to understand the basis for such gender differences, Casey et al. (1997) found that both math self-confidence and mental rotation abilities mediated the relationship between gender and Mathematics Scholastic Aptitude Test (SAT-M) scores. Others found that male high school students utilized greater strategy flexibility than females which affected performance on the SAT-M and Graduate Record Examination-GRE problem solving tests (Gallagher et al. 2000 ). It appears then that reasoning, problem solving and self-confidence may be essential for women when performing mathematically.
As in previous research (Davis et al. 2006; Kripalani et al. 2006; Wolf et al. 2007 ), the present study also found a significant relationship between health literacy for verbal information and understanding of medication instructions. The ability to accurately read, understand and draw conclusions from verbal information is critically important for effective medication management. In a summary report developed by the Agency for Healthcare Research and Quality (AHRQ) (Berkman et al. 2004 ), a limited number of interventions to address low health literacy were identified. All of the studies attempted to improve presentation and understanding of verbal material and were largely successful. However, as results from the present study illustrate, further research to determine the mix of abilities required to be successful in the patient role are needed so that the essential skills for particular behaviors can be identified and intervened.
Several limits of the present study must be noted. We used an antiretroviral regimen that contained five mock HIV medications. Many contemporary ART regimens consist of once and twice daily doses which may alleviate some of the burden imposed by more complex regimens as that used in this study. However, in addition to antiretroviral medications, most HIV positive patients are also prescribed prophylactic medications, vitamins, etc. Although nonadherence to these other medications does not result in the same detrimental consequences as non-adherence to ART, Fig. 1 Path analysis of mediation effect of numeracy on MMT and gender adjusted for years since HIV diagnosis effective medical management of HIV infection requires overall adherence to a number of health behaviors and is the best ''prescription'' for HIV treatment. These findings would therefore continue to be relevant even for today's more contemporary, less complex HIV treatment regimens and whether the difficulties in MMC and numeracy displayed on average by women in this study persist with less complex regimens warrants further study.
Since this was not a randomly selected sample, the characteristics of this particular study sample may have influenced these findings. Women in this sample were over 90% African American and nearly all participants were from a low socioeconomic background. Previous studies among socioeconomically disadvantaged children have shown that low SES children are at a disadvantage overall in academic achievement which is largely driven by limited economic resources in poor communities, schools and families (Arnold and Doctoroff 2003) . Non-white elementary and middle school students have been found to have significantly poorer mathematical conceptual skills (Hall et al. 1999) and studies have also shown that minority women in particular are vastly underrepresented in mathematical fields (National Science Foundation 2001). Such deficiencies in opportunity and resources may have influenced the findings in the present study and as such, the generalizability of our findings is limited.
Moreover, as discussed previously, the empirical use of numeracy in relation to health behaviors is in its early stages. Few measures exist to date to assess numeracy in general as well as its various subcomponents. To our knowledge, no other studies have used the Applied Problems subtest of the Woodcock Johnson-III Tests of Achievement in relation to health behaviors. We chose this measure rather than, for instance, the numeracy scale of the TOFHLA, because it better represented at face value, the fundamental basic and computation numeracy skills presumed needed to manage a medication regimen. The TOFHLA numeracy measure more accurately represents a measure of our outcome (i.e., understanding medication instructions) rather than the underlying numeracy skills needed to manage medications. The utility of this measure for explaining or predicting relevant health behaviors including medication management must be further examined and replicated.
Despite the above caveats, the present findings have implications for both future research and clinical practice. We hope that this study increases awareness of the skills needed to successfully manage medication regimens so that efforts to identify persons with these skill deficits can be implemented. Although remediation of poor reading comprehension and numeracy skills is likely beyond the scope of most clinical care providers, identification of specific skill deficits that can impede successful medication management can help care providers gauge the level of training and assistance a given patient may need when starting or changing a regimen. The tests used herein, however, are time consuming. Future research should be directed at developing brief screening tools to identify patients at risk for poor health literacy and numeracy.
Since several studies have already indicated that low health literacy is associated with poor adherence , it would be important to test whether improvements in MMC then lead to improvements in adherence. Training in medication management, particularly at the outset of ART, could potentially circumvent some instances of early non-adherence that are related to poor understanding of medication regimen instructions. Such training could incorporate strategies and tools/devices to limit reliance on reading and numeracy skills.
